Curriculum design and simulation courses are bridges to connect specialty theories, engineering practice and experimental skills. In order to help students to have the computer aided optical system design ability adapting to developments of the times, a professional optical software--Advanced System of Analysis Program (ASAP) was used in the research teaching of curriculum design and simulation courses. The ASAP tutorials conducting, exercises both complementing and supplementing the lectures, hands-on practice in class, autonomous learning and independent design after class were bridged organically, to guide students "learning while doing, learning by doing", paying more attention to the process instead of the results. Several years of teaching practice of curriculum design and simulation courses shows that, project-based learning meets society needs of training personnel with knowledge, ability and quality.
INTRODUCTION
The
A PROFESSIONAL OPTICAL SOFTWARE --ASAP
ASAP is Advanced Systems Analysis Program for short. It is developed and sold by Breault Research organization (BRO) in America, commercially available for over 30 years. ASAP is fundamentally a flexible and efficient optical system-modeling tool. It is able to simulate, by Monte Carlo ray-tracing techniques, the interaction of light with optical and mechanical structures. It does this in a single, global, three-dimensional coordinate system, making no assumptions about symmetry. Rays can automatically split into reflected, refracted, diffracted, polarized, and scattered components as they propagate through the system. The rays proceed independently, following physically realizable paths, encountering objects in any order, as appropriate. This type of ray tracing is often described using terms like "unconstrained" or "non-sequential". What ASAP is really doing, however, is just a simulation, based on the way that real light behaves in the real world. ASAP can also simulate coherent and diffractive optical systems with a relatively simple but powerful extension of ray tracing methods known as Gaussian beam decomposition. Any complex field can be decomposed into a set of Gaussian beams that in turn can be traced as described above by ray-trace methods. This allows users to work on problems involving coherence, diffraction, interference, coupling efficiency, and other situations where phase matters [1] . was used in research teaching of the above three courses and the number of students was limited to 42 each semester.
ASAP TEACHING PRACTICE IN ZHEJIANG UNIVERSITY
The textbook adopted was ASAP Primer. The ASAP tutorials conducting, exercises complementing and supplementing the lectures, hands-on practice in class, autonomous learning and independent design after class were bridged organically, to guide students "learning while doing, learning by doing", paying more attention to the process instead of the results during the implementation of performance evaluation.
STUDENTS' RESEARCH PROJECTS BASED ON ASAP
Students of the above undergraduate courses had been required to form a team of 1, 2 or 3 members, to do a research project based on ASAP during the semester and to present it in the final examination. Table 1 shows the quantity of students' research projects based on ASAP each semester so far. The total number is 156. Some projects among them are about the modeling, simulation and analysis of optical phenomena including reflection, refraction, diffraction, polarization, scattering, coherence and so on. The other projects are concerned with the radiometry, diffuser, optimization of LED and auto lamp design, etc. Based on som we simulated implemented Figure 2 ) [3] , a The above invisible cloak is used under liquid condition, but for terrestrial use, another type of cloak is proposed in reference [5] . The students also constructed a model in ASAP for this type of cloak; the result is shown in Figure 7 , with horizontal output rays. 
CONCLUSIONS
Several years of teaching practice of curriculum design and simulation courses shows that, project-based learning meets society needs of training personnel with knowledge, ability and quality. Students have obtained not only skills of using professional software, but also skills of finding and proposing questions in engineering practice, the scientific method of analyzing and solving questions with specialty knowledge, in addition, autonomous learning ability, teamwork spirit and innovation consciousness, still scientific attitude of facing failure and scientific spirit of admitting deficiency in the process of independent design and exploration.
